INTRODUCTION
The initiation of translation is a multistep process, being a major regulatory target for translational control in animal virus infected cells. In the early steps of translation the 5' cap structure of the mRNA is recognized by eIF4F complex. eIF4F also binds to the small ribosome subunit by its interaction with eIF3 forming the 48S complex. Then, the small ribosomal subunit migrates along the 5'-untranslated region (5'UTR) until an AUG initiation codon is encountered in a favorable context. The eIF4F complex is composed of three polypeptides: the cap-binding protein eIF4E, the ATP-dependent RNA helicase eIF4A and the scaffolding protein eIF4G [1] .
Another motif recognized by the translation machinery in the mRNA is the poly(A) tail, which is achieved by means of the poly(A) binding protein (PABP). In addition, PABP interacts with the N-terminal domain of eIF4G, promoting the circularization of the mRNA [2, 3] . The eIF4G-PABP interaction may induce several changes in the translation initiation complex that increase the eIF4E affinity for the cap structure [4] . In this regard, simultaneous interactions between the 5' cap structure and the 3' poly(A) tail of the mRNA synergistically stimulate translation, both in vitro and in vivo [5, 6] . In human cells there are three types of PABP proteins, with several isoforms encoded by different genes and with different localizations and functions: cytoplasmic PABPs (PABPC group), nuclear PABP (PABPN) and X-linked PABP. Cytoplasmic PABP is a highly conserved protein that contains two domains linked by an unstructured region rich in proline and methionine residues: an N-terminal domain with four conserved RNA recognition motifs (RRMs) and a C-terminal helical domain that is not required for RNA recognition, but is essential for PABP oligomerization and for the interaction with several regulatory proteins implicated in deadenylation of the poly(A) tail and the initiation and termination of translation [7, 8] . PABP interacts with translation initiation factors such as eIF4G and eIF4B [5, 9, 10], with the eukaryotic release factor eRF3 [11] [12] [13] , and with two regulatory proteins termed as PABPinteracting proteins 1 and 2 (Paip1 and Paip2), which are implicated in regulation of translation [14, 15] .
Animal viruses have evolved mechanisms to manipulate the host translational machinery in order to maximize efficient viral mRNA translation and facilitate the selective translation of viral mRNA. For example, in picornavirus-infected cells, the proteolytic cleavage of eIF4G by rhinovirus or poliovirus 2A proteases (2A pro ) or by the aphtovirus protease L inhibits translation of capped cellular mRNAs [16] . In contrast, translation of the uncapped picornavirus RNA that occurs by a cap-independent mechanism involving the internal ribosome entry site (IRES) is not affected by eIF4G hydrolysis. This mechanism is not exclusive of some picornaviruses. Retroviral genomic RNAs are capped at their 5' ends and contain a 3' poly(A) tail. However, retroviral
RNAs have a relatively long 5' UTR, and the presence of stable secondary structures between the cap and the initiation codon has been proposed to strongly interfere with the scanning mechanism that operates during the initiation of translation [17] . Interestingly, IRES elements have been found in several retroviruses, including HIV-1, and their effects promoting capindependent translation of retroviral genomic RNAs have been demonstrated [18] . In addition, [19, 20] . The hydrolysis of eIF4G leads to the inhibition of cap-dependent translation without affecting IRES-driven protein synthesis [19, 20] .
PABP plays an important role in translation and it is not surprising that certain viruses have developed mechanisms to target this protein to abrogate cellular translation. Rotavirus nonstructural protein 3 (NSP3) interacts with the N-terminus region of eIF4G, replacing PABP.
This interaction leads to the shut-off of cellular protein synthesis, whereas viral mRNA translation is maintained unaffected by circularization via NSP3 interaction with the 3'UTR of viral transcripts [21] . Several reports have shown that PABP is cleaved by 2A pro and 3C protease (3C pro ) during enterovirus infection [22] [23] [24] . Poliovirus 2A pro bisects PABP, while poliovirus 3C pro cleaves this factor at three sites separating its C-terminal and N-terminal domains. It has been
proposed that the removal of the C-terminal domain inhibits cellular translation without affecting binding of the N-terminal domain of PABP to the poly(A) tail and eIF4G [25] . A similar strategy has recently been described in caliciviruses, in which the 3C-like protease (3CL pro ), like poliovirus 3C pro , cleaves PABP during infection [26] . In the present work, we present evidence showing that retroviral PRs such as these from MMTV, HIV-1 and HIV-2 are able to hydrolyze PABP.
EXPERIMENTAL
Plasmids and in vitro Transcription -The plasmids pT7SV-HIV-1PR and pT7SV-2A pro and pT7SVwt were described previously [27] .
The pTM1-derived plasmids containing the PR-coding regions of several retroviruses were described in detail earlier [19, 20] . The pTM1-Luc plasmid, which contains the luciferase gene, and the plasmid pTM1-2A pro have also been described [28, 29] .
The plasmid pGEX-2T-PABP1 containing the sequence encoding the human PABP1, lacking the first nine amino acids and fused to the glutathione S-transferase (GST) gene, was obtained as previously described [30] and kindly provided by Amelia Nieto, Centro Nacional de Biotecnología, CSIC, Madrid, Spain.
Capped genomic SV mRNAs were synthesized in vitro using the T7 RNA polymerase kit (Promega). Plasmids used as DNA templates in these assays were linearized with XhoI.
5 infection (dpi) cells were lysed in sample buffer as described previously [29] . HIV-1-infected cells were provided by Balbino Alarcón, Centro de Biología Molecular Severo Ochoa, CSIC-UAM, Madrid, Spain .
BHK-21 cells were electroporated with 30 g of recombinant SV genomic RNAs in final volume of 50 l as described [27] . Electroporated-cells were grown in DMEM (Dulbecco's modified Eagle's minimal essential medium) containing 10 % fetal calf serum and non-essential amino acids, and at 8 hours post electroporation (hpe) cells were lysed in sample buffer.
COS-7 cells were grown in DMEM containing 10% fetal calf serum and non-essential amino acids. Coupled infection/DNA transfection of COS-7 cells with recombinant vaccinia virus (vvT7) and pTM1-derived plasmids have been described in detail previously [28] . Transfection efficiencies were determined by immunofluorescence using an anti-luciferase antiserum (Promega)
after transfecting the cells with the plasmid pTM1-Luc as described previously [19] . MoMLV PR was expressed and purified as previously described [32] . The chimeric maltose binding protein (MBP)-2A pro was purified by affinity chromatography, as described previously [33] . The pGEX-2T-PABP1 plasmid was used to purify the GST-PABP1 fusion protein by affinity chromatography, using a glutathione-agarose 4B resin (Pharmacia Biotechnology) as described previously [30] .
Protease Cleavage Assays -To detect PABP processing by HIV PRs in cell-free systems, crude
HeLa S10 extracts were incubated with 2.5 ng/ l of recombinant HIV-1 PR, HIV-2 PR, or MBP- HIV-1 PR cleaves PABP -Next, the ability of HIV-1 PR to cleave PABP was tested when this protease was expressed alone in culture cells. For this purpose, the HIV-1 PR-coding region within the pol gene was placed under the control of a duplicated late promoter in a Sindbis virus (SV) construct in order to generate a recombinant SV that expresses the HIV-1 PR in absence of other HIV-1 proteins (SV-PR) [27] . In addition, the poliovirus 2A gene was cloned using a similar strategy to generate a recombinant SV expressing poliovirus 2A pro (SV-2A) [27] . The transcribed , most probably due to a small amount of proteolytic products that are not well detected by the monoclonal antibody against PABP. In this regard, in a previous report the authors could not detect PABP cleavage products using this antibody both in poliovirus-infected cells and in cell free systems [22] . The decrease of PABP induced by expression of HIV-1 PR was abolished when 12 M saquinavir, a specific inhibitor of the HIV PR, was present ( Figure 2A) . Furthermore, the 53kDa cleavage product is not detecteble in SV-PR-expressing cell when SQ is present ( Figure   2A ). Cell extracts were further analyzed to determine the cleavage of eIF4GI and eIF4GII ( Figures   2B and 2C ). Previous findings revealed the presence of two forms of eIF4G of 220 and 150 kDa in BHK cells [27, 28] . These different eIF4G forms may be the result of post-translational 
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All of the RRM motifs of PABP possess RNA-binding ability [35] , although the first two domains together (RRM1-RRM2) are the ones with the highest affinity for the poly(A) tail [36] .
The RRM2 motif is involved in direct interaction with eIF4G [9, 37] . It has been shown that translation can be rescued in PABP-depleted Krebs-2 cell extracts by the addition of purified recombinant PABP fragments such as RRM1-RRM2 or RRM1-RRM4, although less efficiently than with intact PABP [38] . These observations suggested that the interaction of PABP and eIF4G is essential for efficient translation, although additional interactions of the C-terminal domain of PABP with other factors would be necessary for a complete stimulation of translation [38] . In agreement with that proposal, cleavage of PABP within the RRM3 motif by HIV PR may abolish in part, but not completely, the function of its N-terminal domain, since the RRM1-RRM2 region still retains the eIF4G binding site and the ability to bind RNA.
Infection of C8166 cells by HIV-1 led to a drastic decline in host translation coincident with the decrease of intact eIF4GI [20] . However, total proteolysis of eIF4GI is not sufficient t o block translation of cellular mRNAs engaged in the translational machinery [39, 40] . The shutoff of host protein synthesis is coincident with the hydrolysis of eIF4GII in poliovirus-and rhinovirus-infected cells, as well as in apoptotic cells [41, 42] . PABP hydrolysis by poliovirus 3C pro inhibits the translation of endogenous mRNAs in HeLa cell extracts completely [25] . Our present findings indicate that cleavage of both eIF4GI and PABP occur with similar kinetics in cell culture and in a cell-free system, suggesting that PABP proteolysis may also contribute t o host cell translation inhibition and could be responsible for the shut-off of host protein synthesis, observed in some cell lines upon HIV-1 infection [20] . In HIV-1-infected cells, the correlation observed between eIF4GI hydrolysis and the inhibition of cellular protein synthesis could be attributed to the viral PR-cleavage of both eIF4GI and PABP.
Interestingly, retroviral PRs such as those from MoMLV, HTLV-I or SIV-1 are able t o hydrolyze eIF4GI and eIF4GII but not PABP, while inhibiting protein synthesis in transfected COS-7 cells [19] . Although both HIV-1 and HIV-2 PRs are able to proteolyze eIF4GI and PABP very efficiently, eIF4GII remains as a poor substrate of both enzymes [19, 20] . Taken together, available data suggest that, at least two of those factors must be inactivated to efficiently inhibit cap-and poly(A)-dependent translation of cellular mRNAs.
Apart from factors implicated in translation, other host proteins have been identified as substrates of HIV PRs and the potential role of cleavage of cellular proteins in the cytotoxic effect inflicted by HIV has been pointed out by several laboratories [43, 44] . Examples of cell proteins cleaved by HIV PRs are microtubule-associated proteins, cytoskeletal proteins and nuclear factor-B, among others [45, 46] . Nevertheless, further investigations are required to define the precise role of each of those proteolytic cleavages in the cytopathogenicity provoked by HIV infection.
It is widely accepted that most retroviruses do not affect cellular protein synthesis after infection. This is not the case for HIV, which blocks cellular protein synthesis more or less efficiently depending on the viral strain and cell line analyzed [47, 48] . In HIV-1, the Vpr 
